Induction of reactive oxygen species in neurons by haloperidol.
Haloperidol (HP) is widely prescribed for schizophrenia and other affective disorders but has severe side effects such as tardive dyskinesia. Because oxidative stress has been implicated in the clinical side effects of HP, rat primary cortical neurons and the mouse hippocampal cell line HT-22 were used to characterize the generation of reactive oxygen species (ROS) and other cellular alterations caused by HP. Primary neurons and HT-22 cells are equally sensitive to HP with an IC50 of 35 microM in the primary neurons and 45 microM in HT-22. HP induces a sixfold increase in levels of ROS, which are generated from mitochondria but not from the metabolism of catecholamines by monoamine oxidases. Glutathione (GSH) is an important antioxidant for the protection of cells against HP toxicity because (1) the intracellular GSH decreases as the ROS production increases, (2) the exogenous addition of antioxidants, such as beta-estradiol and vitamin E, lowers the level of ROS and protects HT-22 cells from HP, and (3) treatments that result in the reduction of the intracellular GSH potentiate HP toxicity. The GSH decrease is followed by the increase in the intracellular level of Ca2+, which immediately precedes cell death. Therefore, HP causes a sequence of cellular alterations that lead to cell death and the production of ROS is the integral part of this cascade.